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THE COVER 





Our cover shows the fist of a_plane-repre- 
sented as a long trail on the scope of one of 
Raytheon’s new Radar-History Remote Indi- 
cators. Giving an indication of a target’s relative 
speed and course from the “history” of its 
motion, this device is expected.to find ready 
application in the general areas of marine and 
aviation navigation. 
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Electronic Plotting of 


Moving Targets 


A. S. LUFTMAN 


Microwave and Power Tube 
Operations 


The concept of utilizing the “history” of the suc- 
cessive locations of a moving object to determine the 
relative course and speed of that object was known to 
the earliest astronomets attempting to plot the paths 
of heavenly bodies. Mariners of antiquity made use 
of plotting successive observations to determine their 
own course with respect to landmarks or the course 
of other ships relative to themselves. The expanded 
needs of modern society for ‘‘long-range eyes”’ to guide 
planes and ships moving at fast speeds and traveling 
in darkness or inclement weather has been successfully 
met by means of radar detection but, until quite 
recently, techniques used for plotting the history of 
moving radar targets were the same as had been used 
for centuries—manually recording successive observa- 
tions on a map or plotting-board. A recently designed 
remote radar indicator has finally obviated the neces- 
sity for manual plotting by using the electronic 
“‘memory” of the Raytheon Recording Storage Tube 
to record all targets appearing on the radar, and to 
display not only these targets but also target-trails 
indicating the previous history of their actions. This 
unit, called a Radar-History Remote Indicator, pro- 
vided another useful function in that it also scan- 
converted the radar display from a typical PPI presen- 
tation to a constant-brightness TV-type picture. To 
permit a more complete analysis of the functions of 
this new equipment, it is perhaps well to first review 
the method of generating the normal radar displays 
and then show wherein the newer method differs. 

The techniques for obtaining useable data from a 
radar were discussed in an article by Dr. W. M. Hall 
entitled ‘‘The Information Obtainable from a Radar” 
(March-April 1957 issue of Electronic Progress). It 
was pointed out that 1) the distance to a radar target, 





2) the direction of that target, and 3) its radial veloc- 
ity, can be determined from a) the time it took for the 
radar signal to travel to the target and back to the 
radar antenna, b) the direction in which the antenna 
was aimed when the maximum return was received 
from the target, and c) the change in frequency of the 
radar pulse between its transmission and reception 
respectively. 

With the foregoing radar data we can create a 
visual presentation, indicating on the face of a long- 
persistence cathode-ray tube the targets indicated by 
radar ‘‘echos”’. This is done by scanning the cathode- 
ray tube from its center to the edge in a direction 
related to the direction in which the antenna is 
aimed and at a speed determined by the maximum 
range we wish to view. That is, if the antenna is aimed 
eastward at one instant of time and we wish to view 
targets within an 80-mile radius of the radar, the beam 
would be swept from the center of the cathode-ray 
tube toward the periphery at a rate such that it reaches 
the edge of the screen at the same time it would take 
the radar beam to travel 80 miles, reflect from a target, 
and return to the antenna—or approximately 975 
microseconds. If the radar returns are now used to 
brighten the electron beam whenever an echo is 
received at the antenna, bright spots will be seen on 
the display tube at a distance from the center propor- 
tional to the distance of the target from the radar 
antenna and in a direction on the screen related to 
the direction in which the antenna is pointed. If the 
antenna and the sweep of the cathode-ray tube are 
rotating in synchronism, for example at 10 rpm, and if 
radar pulses are being sent out at a uniform rate, a 
complete map of the radar echoes will be generated 
on the face of the cathode-ray tube. Such a presenta- 








Figure 1. Mrs. Frances Darne of Buships and Lt. Comdr. 
W. H. Wiederspahn of NRL accepting delivery of a histori- 
cal indicator 


tion device is called a PPI or Plan-Position Indicator. 
Its basic shortcoming results from the fact that the 
persistence of the phosphor used in the standard dis- 
play tubes is insufficient to keep radar targets bright 
for the complete rotation necessary before the antenna 
is again pointed in their direction. Thus, the area of 
the screen immediately behind the location of the 
sweep is always quite bright whereas the areas further 
behind are considerably dimmer. Moreover, the bright- 
ness of most of the picture is so dim as to require 
viewing the indicator in a completely darkened room 
if weak returns are to be seen (Figure 1). 

A common modification of the standard PPI display 
makes use of information obtainable from some radars 
as to the radial velocity of the radar targets. By de- 
signing equipment so that only moving targets are 
displayed, much of the noise, ground clutter, and other 
unwanted returns can be eliminated from the screen, 
leaving what is called an MTI (Moving Target In- 
dicator) display. 

As has been mentioned, the Radar-History Remote 
Indicator was designed to add two basic features to 
the normal PPI indicator displays—target trails to 
permit immediate analysis of the course the moving 
targets have been following, and additional brightness, 
uniform around the complete tube regardless of an- 
tenna location (see Figure 2), to permit viewing in a 
lighted area and simultaneously reduce operator 
fatigue while increasing chances of seeing weak returns. 
The heart cf this equipment is a single gun Recording 
Storage Tub2, type QK464A RK6835; a tube which 





has been available for several years and has had 
proven acceptability as a storage device. This tube 
is capable of ‘‘memorizing”’ data or pictures of sub- 
stantially better picture quality than is required 
in most radar or television applications and can 
reproduce the stored patterns on a display tube thou- 
sands of times with a minimum of degradation in 
picture quality. Moreover, the scan form used during 
reproduction need not be related to the scan form 
used for storing. Thus, even though a picture is 
stored using a PPI type scan where the complete 
picture is formed only after several seconds (the time 
required for a single antenna rotation), the storage 
tube can be scanned using zither a spiral or TV-type 
raster such that the image is generated on the display 
tube many times a second. Since the eye cannot see 
flicker rates in excess of 48 fields per second, by using 
a raster rate greater than this number we will observe 
what appears to be a constant brightness picture. (In 
commercial television the picture is written on the 
fluorescent screen at a rate of 60 times a second and 
fades rapidly after each write—to our eyes, however, 
the picture appears to be constantly on the screen.) 

In the History Indicator recently built and demon- 
strated, the ‘“‘live’”’ PPI radar data and the stored- 
radar picture are both shown on the indicator on a 
time-shared basis. That is, the display tube is scanned 
with the PPI information and then the stored pat- 
tern is read out onto the same display tube in the 
time between the end of one PPI sweep and the start 
of the next. For example, assuming a pulse repetition 
rate of 400 pulses per second and a radar range of 80 
miles, there exists a period of 2500 microseconds 
between the starts of consecutive radar sweeps. The 
PPI sweep, itself, requires slightly less than 1000 
microseconds. The remaining 1500 microseconds are 
therefore available as unused time in the normal dis- 
play system. During a portion of this ‘‘dead”’ time, 
the storage tube and cathode-ray tube are simul- 
taneously scanned using a spiral pattern and the out- 
put from the storage tube is used to write the stored 
pattern on the cathode-ray tube. During the subse- 
quent PPI sweep interval, the radar information is fed 
simultaneously to both the storage tube and the 
cathode-ray tube while these tubes are being scanned 
in a normal PPI fashion. Radar data is thus being 
stored during each sweep interval and so, after a 
number of antenna rotations, the stored moving 
targets form lines or “tracks” on the storage tube. 
During the time when the stored picture is being dis- 
played, these tracks are transferred onto the display 
tube. 

An additional feature incorporated in this equip- 
ment provides for partial erasure of stored information 
on the storage tube at regular intervals so that, in 
cases where many moving targets are present on the 
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screen at one time, the target trails will not become 
so long as to interfere with the viewing of new targets 
suddenly appearing on the screen. The erase rate is 
adjustable over a range such that a target trail can 
cover the screen from one side to the other or, in the 
other extreme, can be completely erased every few 
seconds. 

Demonstrations showed that the display is made 
even more impressive when a P-7 cathode-ray tube 
is used, though some loss in available brightness oc- 
curs. The P-7 tube has a two-layer, two-color phosphor 
combination such that the short-persistence color is 
blue-white and the after-glow color is yellow. Since 
the raw PPI data energizes any one portion of the 
screen only once each antenna rotation, it is seen 
mainly as an after-glow—that is, in yellow. On the 
other hand, since the stored picture is formed on the 
display tube at a rate of 400 complete fields per second, 
stored trails appear blue-white. Thus, a specific moving 
target is seen as a yellow dot with a blue-white trail 
behind the dot indicating the history of the motion of 
that target. 

Another important feature which can be demon- 
strated using the Radar-History Indicator is the use of 
storage to record a radar display in a single antenna 
rotation, and then permit viewing the stored display 
for.a period of time up to 10 minutes. The value of 







Above, PPI presentation relying on persistence 
of phosphor. 


this is readily recognized when it is realized that, 
during time of war, it is often desirable to observe 
radio and radar silence for long periods of time—so 
that the enemy cannot detect your presence by observ- 
ing your transmissions and cannot use your trans- 
mission as a beacon for locating you. On the other 
hand, it is definitely necessary for you to make an 
effort to locate him by means of the radar. With 
a History Indicator it is possible to store the radar 
picture generated in a single rotation. Then it can 
be displayed continuously for minutes and this radar 
map used for purposes of navigating or aiming weapons 
at targets seen on it. Since the radar was transmitting 
for a very short period of time, the chance of the 
enemy observing your transmission is reduced. 

It is felt that, although the Radar-History Indica- 
tors built to date have been basically developmental 
models, their value has been substantially proven. 
Plans are now being considered to utilize stored “his- 
tory’? data not only in military radar equipment, 
but also in commercial maritime radar, to act as an 
electronic plotting device showing the direction of 
motion of other ships and thereby allowing the naviga- 
tor to more readily avert collisions. 

With so many applications in sight, it would appear 
that the Radar-History Indicator will someday be as 
common as the PPI presentation is now. 


Figure 2 Below, Constant Brightness display 
created by scan conversion. 








IR—An 
Advancing Art 


M. R. KRASNO 


Santa Barbara Laboratory 


The growing interest in infrared today is based 
chiefly on a few fundamental characteristics of this 
art which seem to make it grow in importance with 
every advance of military, especially aviation, tech- 
nology. Infrared detector systems are passive. They 
are practically jam-proof. Their targets tend to become 
better radiators with each advance in aircraft or other 
vehicle performance. Weather difficulties disappear at 
the high altitudes at which aircraft now commonly fly. 
And finally, infrared methods, in general, give excellent 
angular resolution and range capability with relatively 
small, lightweight equipment. 

The infrared is that portion of the electromagnetic 
radiation spectrum lying between visible light and 
very short wave radio and radar. Infrared radiation is 
produced naturally and unavoidably by all bodies and 
materials at all temperatures above absolute zero. 
The character of this radiation is described by general 
laws based on the concept of a “‘black body’’. A black 
body is one which absorbs all radiation falling on it 
and thus which reflects none. The ability of such a 
body to radiate, known as its emissivity, is defined as 
unity, and no other body has a higher emissivity than 
that of a black body. The shape of the distribution 
curve for a black body radiation at a number of 
temperatures is as shown in Figure 1. 

Considering the spread of the distribution curves 
shown, it is worth remarking that 25 per cent of the 
emitted radiation is at wavelengths shorter than the 
peak wavelength and 75 per cent at longer wavelengths. 
A tungsten lamp, which is considered a pretty good 
source of visible light, delivers in fact only about 10 
per cent of its radiation in the visible spectrum. It 
is thus a very much better infrared source than it 
is a visible source. 

Most materials differ chiefly from a black body by 
having emissivities less than 1. These so-called ‘‘grey 
bodies” thus radiate less than a black body in propor- 
tion to their emissivities. Rough black surfaces such as 
carbon, black paint, lamp black, velvet and others 
may give materials emissivities well over 0.8. Very 
shiny surfaces such as polished aluminum, nickel, or 
steel (such as jets) may have emissivities of about 0.1. 
Excellent mirrors achieve emissivities as low as 0.02 or 
0.03. In general, the value of the emissivity for any 
material varies somewhat both with temperature and 
with wavelength. All these variations, however, do not 
prevent ready recognition of the basic form of tempera- 
ture radiation. 
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There are, however, materials which produce radia- 
tion radically different from the continuous spectra of 
black body radiation. Thus, the metal spark and are 
spectra are composed of discrete narrow emission lines. 
Various gases excited electrically as in sodium vapor 
lamps, mercury vapor lamps and others, produce 
similar discrete lines. When some gases are heated, 
they radiate in broader bands, or molecular vibration 
and rotation spectra as differing from the narrow 
atomic line spectra above. Since, in general, these 
vibration and rotational band spectra involve low 
energy transitions, many of them are produced in the 
infrared. Thus, carbon dioxide and water vapor when 
heated produce a number of strong emission bands 
scattered over the infrared spectrum. These, as will 
be indicated later, interfere with target detection 
systems. 

The above is a general description of the sources of 
infrared radiation, or the answer to ‘‘ What is there to 
see?’ There remain in the fundamental subject the 
questions, ‘‘ What do we see it against?’’, “‘ What do we 
see it through?”, and ‘‘What do we see it with?” 
What follows, then, will consider backgrounds, trans- 
mission through the atmosphere, and finally the actual 
instrumentation of detection systems. 

The background against which any object is to be 
seen consists of the blue sky, the white sky (toward 
the horizon) and the ground. Unclassified information 
from recent symposia on background measurements 
show that these apparently different phenomena are 
adequately described by the simple spectral distribu- 
tion curves shown in Figure 2. These curves are gener- 
alized. Their exact shape varies somewhat with alti- 
tude, elevation, time of day, cloudy vs. clear sky, 
relative humidity, ete. 

At night, the short wavelength section, which is due 
to the scattering of sunlight by the air molecules, dust 
and other particles, modified by absorption, disap- 
pears. The long wavelength section, which is essen- 
tially due to the black body radiation of the atmos- 
phere itself, and to the various emission bands of 
water, COs, etc., at ambient temperature, becomes 
somewhat less in amplitude at night and peaks at 
somewhat longer wavelengths, as might be expected 
of a black body. It is interesting to note that toward 
the horizon this emission is from such a deep layer of 
air and water vapor that the effective emissivity is 1. 
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WAVELENGTH IN MICRONS 
Figure 1. 


Thus, the horizon acts very much like a true black 
body at ambient temperature. 

The earth also acts like a grey body with relatively 
high emissivity. Since its average temperature is close 
to that of the atmosphere, its spectral radiance curve 
is close to the long wavelength section of that of the 
sky. Thus, the earth background and the sky back- 
ground are practically the same at night. In the day- 
time, looking down at the earth from any appreciable 
altitude, the scattered light of the intervening atmos- 
phere adds the short wavelength section to the spectral 
radiance and sky and ground again are practically 
identical as backgrounds. 

The sun itself as a background is another matter. 
The total solar energy received normal to the surface 
of the earth is over 149 watt cm-*. Thus, while only 
2 per cent of this solar radiation is at wavelengths 
longer than 3 microns, there is still 2 milliwatts em-? 
received above this wavelength. Since the total re- 
ceived from the same solid angle of the sky and in the 
same spectral region is only about 0.00087 milliwatts 
em~, it can be seen that the sun is a very intense 
background indeed. 

The problem of infrared transmission through the 
atmosphere is serious or negligible depending on 
altitude and the amount of water vapor present at 
sea level as well as on the direction in which one looks. 

At altitudes over 30,000 feet, the CO. vapor content 
is small while the water vapor content is extremely 
small. Since water vapor is the source of the most 
serious atmospheric attenuation, the transmission of 
infrared is excellent at these altitudes. 

At sea level with high water content in the air the 


attenuation in some regions of the spectrum is very 
high indeed. The transmission spectrum of the atmos- 
phere for 3.4 mile path with 13.7 mm of precipitable 
water (47 per cent R.H. at 34.5°F) is given in Figure 3. 

The areas under the various sections of this curve 
are called the atmospheric windows. The 8 to 14 
micron window, called the Langley window, coincides 
to some extent with the black body radiation of the 
earth and sky. Also, the general region of the sky 
scattering is not too badly attenuated. Thus, the 
background is always with us. 

It is important to note that the entire atmospheric 
attenuation results from the combined presence of 
water vapor, carbon dioxide and other gases present 
in the air having strong absorption bands, as well as 
particles of dust, etc. This attenuation is reduced 
rapidly with increasing altitude and especially with 
lowered water content. 

Applying this information to actual detector sys- 
tems, we find that their theoretical range is modified 
by a number of factors: 

1. The effect of the background over the relevant 

spectral region. 

2. The attenuation of the atmosphere over the 
relevant spectral region. 

3. The transmission of all optics used over the 
region. 

4. The spectral match of the source to the chosen 

detection cell. 
The necessary signal-to-noise ratio. 

6. The source or chopper frequency situation versus 
the time constant and band pass requirements on 
the detector. 

In practice, it works out that detection ranges are 
usually on the order of one to 20 miles. 

Only in conditions of fog or cloud is infrared range 
reduced drastically, and it may be taken as a rule of 
thumb that present day infrared devices will prac- 
tically see no farther through fog or cloud than the 
human eye does. This applies as well to very heavy 
rain or snow. Infrared devices do much better than 
the human eye in haze, dust, or smoke if the particle 
sizes are small—of the order of 1 micron or less. 
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Figure 2. General Background Radiance. 








Thus, the Los Angeles smog is quite transparent to 
the intermediate infrared. As has been stated above, 
high water vapor content in the air near the ground 
seriously limits performance in certain regions of the 
infrared. Moreover, a disturbing effect occurs very 
near the ground, and especially parallel to the ground, 
which degrades the performance of optical devices. 
This is the scintillation due to atmospheric turbulence 
combined with uneven heating of the atmosphere very 
near the ground. This effect, which is often visible 
to the human eye, occurs chiefly on sunlit days, espe- 
cially with light gusty winds in summer, or over snow 
in winter. It should be emphasized that all of these 
degrading effects disappear at high altitudes where 
infrared equipment ranges of tens of miles have been 
achieved. 

Besides the atmosphere, the detector cell must 
usually look through optical material in the form of 
the window of the equipment and often one or more 
lenses. Most ordinary optical glasses transmit well up 
to about 1.2 microns and, in thin sections, to 2.5 
microns. Quartz does very well to 4 microns. Above 
this wavelength a number of materials are useful with 
certain limitations of wavelength range, mechanical 
and environmental strength, temperature degradation, 
etc. Thus, to the old list of materials such as rock salt, 
potassium bromide, sylvine, KRS-5, silver chloride, 
all of which are excellent in transmission but poor in 
mechanical strength, resistance to water, temperature 
or sunlight, there have recently been added a number 
of new materials such as arsenic trisulfide, sapphire, 
magnesium oxide, germanium, silicon, and new glasses. 
These materials are, in general, much stronger and 
more resistant to environmental factors than the old 
ones. Some of them, however, are difficult to grind, o1 
are subject to thermal shock, or are difficult to make 
with perfect optical homogeneity, or are limited in 
spectral transmission, or can be made in small pieces. 

While none of the materials available is perfect in all 
respects, the variety is sufficient to allow practical 
solutions to almost all infrared instrumentation prob- 
lems. Moreover, materials which are limited in spectral 
transmission frequently are useful as filters. Some of 
these window-filter materials are also detectors in 
the spectral region to the short wavelength side of their 
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Figure 3. Transmission Spectrum of the Atmosphere. 
(3.4 miles, 13.7 mm precipitable water). 


transmission region. Thus, the semiconductors—-sili- 
con, germanium, and lead sulfide—behave in this 
manner. 

Generally, the detector materials range from the 
most sensitive infrared photoconductor—lead sulfide, 
whose long wavelength cutoff at about 3.5 microns is 
the shortest—to the least sensitive photoconductors— 
such as modified germanium and others, whose long 
wavelength cutoffs in the 10 micron region are the 
longest for photoconductors. Still less sensitive and 
slower in response are the thermal detectors, such as 
thermistor bolometers, vacuum metal bolometers, ther- 
mopiles, and Golay gas cells—all of which, however, 
exhibit equal response at all wavelengths of interest 
from the ultraviolet through the infrared well past 100 
microns. 

Lead sulfide with published sensitivities of about 
10-'° watts em~ is still perhaps the only material 
which can be considered standardized enough to be 
called a catalog item. While a long list of other de- 
tectors are available in sample quantities, they are 
as yet generally made to order, classified as to details 
of construction, performance and conditions of use, 
and rather nonuniform in behavior from cell to cell. 
Many types require cooling, some to CO»-ice tem- 
perature, but more to — 195°C, or the temperature of 
liquid nitrogen. This requirement entails the use of 
complex, usually large and heavy, auxiliary equipment 
which is also essentially in the development stage. 

If the reader has by now reached the conclusion that 
the components of infrared equipment are not as yet 
off-the-shelf items, he has concluded quite correctly. 
The infrared art, old as it is in years, is very young 
in the total manpower effort which has so far been 
expended on it. It is to be hoped that the growing rec- 
ognition of its potentialities will greatly and quickly 
increase the magnitude of this effort to the end that a 
good start can soon be made in the standardization of 
technology and components. 

In spite of these real handicaps in the state of the 
art, much excellent infrared equipment for a wide 
variety of uses has been developed, designed, and built. 
The use of infrared sensitive photographic film is now 
commonplace and excellent. It is of some help in haze. 
It allows clandestine flash photographs to be taken at 
night, and it is helpful in the detection of camouflage. 
Vision in complete darkness by means of infrared has 
been accomplished not only by the use of active infra- 
red searchlights plus the sniperscope in the near infra- 
red region, but also by the evaporograph, now availa- 
ble commercially, which sees objects as cool as room 
temperature by their own black body radiation. Ray- 
theon’s Santa Barbara Laboratory has developed and 
built a number of classified infrared viewer, communi- 
cation and detection devices. In an age of jet and 
rocket propelled planes and missiles, these military 
applications of the infrared art are bound to grow. 
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Silicon Infrared 
Optical Components 


H. LETAW, JR. 


Research Division 


In an accompanying article, Dr. Krasno of Ray- 
theon’s Santa Barbara Laboratory has stated by 
implication that the perfect optical material for 
infrared lenses or windows must transmit over the 
entire infrared region of the spectrum, be optically 
homogeneous, resist thermal and mechanical shocks, 
and remain useful at high speeds and under conditions 
of extreme temperature and humidity. It is our pur- 
pose to examine the properties of silicon in the light of 
requirements similar to those stated in order to under- 
stand in just which applications silicon infrared optical 
components can best serve the system designer. 

Our discussion of material properties should be 
prefaced by one important observation. Optical qual- 
ity silicon, like that used in mosf silicon transistors 
and diodes, must be of high purity and of single crystal 
character. The latter requirement is necessary be- 
cause, at the present time, strain-free polycrystalline 
silicon is quite difficult to obtain by casting. Internal 
strains give rise to an undesirable optical inhomo- 
geneity (strain birefringence), which can be avoided 
by the use of properly grown single crystal silicon. 
The need for high purity should become evident as 
we examine the optical properties of silicon. 

The infrared transmission of uncoated silicon sam- 
ples about one-quarter of an inch thick is plotted as a 
function of wavelength in Fig. 1. The electrical resis- 
tivity (proportional to the purity) of each sample is 
given. The first of the four principal regions of interest 
in the spectrum is the absorption edge, which is located 
at about one micron. Radiation of shorter wavelength 
is virtually completely absorbed, creating free electron- 
hole pairs. Up to nine microns, silicon with a resistivity 
of greater than about 10 ohm-cm is almost trans- 
parent, the loss shown in Fig. 1 being due to reflection. 
Substantial absorption, attributable to free electrons 
and holes, is seen in the case of the 0.3 ohm-cm speci- 
men. Because such an absorption may be reduced by 
decreasing the number of free carriers, attempts have 
been made to subject silicon to treatments which 
might accomplish this. It is interesting to note that 
since the free carriers are largely trapped after silicon 
has been exposed to nuclear radiation, the transmission 
is improved by such treatment. 

The absorption in the nine micron region results 
from oxygen dissolved in the silicon. It is now known 
that this oxygen can be removed by proper annealing 
(heat treatment), so that one would expect a decrease 
in the nine micron absorption after annealing. This 
may be seen by comparing the absorption spectrum 
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of the partially annealed 7.5 ohm-cm specimen to the 
untreated 129 ohm-cm sample. 

Beyond eleven or twelve microns, true lattice ab- 
sorption bands limit the longer wavelength usefulness 
of silicon. It is worthwhile noting that twelve microns 
corresponds to the wavelength of peak-power radiation 
from a source at a temperature of about —30° C. 

The reflection losses shown in Fig. 1 may be reduced 
substantially by the application of an anti-reflection 
coating. In the high transmission region of the spec- 
trum, the transmission of a silicon optical component 
can be equated to (1 — R)?/(1 — R?), where the reflec- 
tivity, R, is equal to the ratio (n — 1)?/(n + 1)?. 
The refractive index of silicon is represented by n, 
while the refractive index of the surrounding medium 
(taken to be air) is unity. Since the refractive index 
of silicon ranges between 3.44 and 3.42 in the two to 
eleven micron region of the spectrum. R has the 
numerical value 0.30. This in turn means that the 
maximum theoretical transmission of the component 
is 54 percent, an untenably low value. 

A theoretically perfect anti-reflection coating, which 
would have a refractive index of (n)” and a thickness 
the wavelength of interest. divided by 4(n)”, would 
reduce the reflection losses to zero. Silicon optical 
components an inch thick (such as those in the photo- 
graph) transmit more than 90 of the radiation 
corresponding to the wavelength at the peak of the 
coating. 

As we have seen, the infrared transmission by a 
given specimen of silicon is strongly dependent upon 
the resistivity of the material. The resistivity of a 
semiconductor decreases exponentially with increasing 








temperature as a result of the thermal generation of 
hole-electron pairs. The effect of this potentially seri- 
ous limitation on the usefulness of silicon optical 
components may be evaluated quantitatively. The 
computed transmission curve at 2.2 microns of a one 
centimeter thick plate of silicon, assuming 8% reflec- 
tion loss, is shown in Fig. 2. It is clearly seen that the 
infrared transmission is unaffected by temperatures 
up to 300° C. Although the transmission at longer 
wavelengths would be somewhat less, the useful 
temperature range of silicon is only slightly decreased 
by an increase in wavelength. 

We may thus conclude that anti-reflection coated 
silicon infrared optical components will effectively 
transmit infrared radiation over the one to twelve 
micron band at temperatures ranging up to 300° C. 
A high heat capacity and a thermal conductivity only 
a factor of two or three less than that of copper permit 
silicon windows or domes to be exposed to relatively 
high temperatures for substantial lengths of time 
without the limit of 300° C being exceeded. The anti- 
reflection coating is durable and serves in some meas- 
ure to reflect incident sunlight which otherwise would 
tend to decrease infrared transmission by the genera- 
tion of free carriers. 

Silicon is light (lighter than either aluminum or the 
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Figure 1. Infrared transmission of uncoated silicon slabs as 
a function of resistivity. The 7.5 ohm-cm sample has been 
heat-treated to reduce the nine micron band. 
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Figure 2. Theoretical transmission of a one centimeter 
slab of single crystal silicon at two microns as a function of 
temperature. Eight percent reflection losses assumed. 


common optical glasses), mechanically rugged and 
resists abrasion and thermal shock. (It will withstand 
dropping from a furnace at 400° C into ice water.) 
The coefficient of thermal expansion of silicon is 
matched to that of tungsten or kovar up to 1000° C. 
The high value of its refractive index is of great interest 
in the design of optical systems. While such systems 
require high precision component lenses and prisms, 
it has been found that silicon is a most tractable 
material for optical processing. It is likely that infra- 
red domes sufficiently large to fulfill current require- 
ments will become available within a period of a year. 

The properties of silicon lead to the conclusion that 
silicon infrared optical components will continue to 
find applications where requirements exist for infrared 
equipments which must withstand rugged conditions. 
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Santa Barbara Laboratory 


S. D. CRANE ¢ Santa Barbara Laboratory 


In 1956, Raytheon management made the decision 
to move the Chicago group of the Government Equip- 
ment Division from the Windy City to the West Coast. 
This decision was motivated by the need to have a 
Raytheon equipment group in a more geographically 
advantageous location, the West Coast area of elec- 
tronic and aircraft industry. As a result, the Santa 
Barbara Laboratory has emerged as a new Raytheon 
facility—an element in Raytheon’s continuing effort 
to make available outstanding skills to industry and 
government in the design, development, and produc- 
tion of electronic components, equipment, and systems. 

Housed temporarily in rented quarters, the Labora- 
tory anticipates occupying its new building, still under 
construction, in the very near future. This new struc- 
ture will provide 42,000 square feet of modern labora- 
tory area, located directly opposite the Santa Barbara 
Municipal Airport at Goleta, approximately six miles 
from the center of Santa Barbara. 

Of particular interest, of course, are the capabilities 
and objectives of the Laboratory as they relate to the 
over-all activities of Raythecn. At the present, several 
major fields of interest are being covered. Among these 
are Countermeasures, Infrared, and Radar. 

The Countermeasures effort is primarily concerned 
with the more passive equipments and programs 
relating to electronic reconnaissance or surveillance. 
In this work, the Laboratory maintains a respected 
position in the industry and with the Armed Services, 





particularly the Air Force. System and equipment 
design have been undertaken covering extremely wide 
ranges of the frequency spectrum (up to the millimeter 
region) in receiving and signal analysis of AM, FM, 
PM and CW signals. Significant skills have been 
developed in rapid and slow scanning superheterodyne 
receivers, crystal video techniques, fast pulse handling 
circuitry (in the millimicrosecond range), analog to 
digital conversion of signal parameters, high speed 
oscillographic methods and many others. This group 
also has extensive experience in IFF, jammers, direc- 
tion finders, video and pulse instrumentation, and is 
sufficiently flexible to handle wide varieties of elec- 
tronic problems. 

The Infrared Section has been engaged in infrared 
development for many years and specifically excels in 
the fields of infrared communication, detection, and 
surveillance. In keeping with the accelerated interest 
in infrared applications, effort is now directed toward 
future activity in guidance, mapping, and related 
techniques. The necessary techniques pertaining to 
this field of endeavor include optics, cell characteristic 
measurement, low noise, high gain amplification, 
sampling and scanning systems both optical and 
electronic, sub- and microminiaturization, compact 
high voltage supplies operating from low voltage 
battery sources, infrared filters, infrared windows, and 
the like. It thus complements other areas of the 
Company involved in such programs as _ infrared 


















Modern technique for a modern building. 
Hydraulic jacks are being used here to 
hoist preformed concrete slabs. 


guidance, detectors, and optical materials. Some 
twenty contracts relating to infrared have been suc- 
cessfully completed by this section. It is expected that 
this work will occupy an increasingly important role 
in the future. 

Newest of engineering capabilities available in the 
Laboratory is the Radar Department. Created simul- 
taneously with the move to the West Coast, this group 
is concerned with the design and development of radar 
equipment oriented to the needs of the airframe and 
missile manufacturers. The staff personnel individually 
have wide backgrounds in RF design, antennas, 
modulators, pulse generation circuitry, and over-all 
radar design from L through K band. It is now suc- 
cessfully completing its first contract for a miniatur- 
ized missile-borne radar, the capability of which has 
already been demonstrated. The Laboratory also 
works closely with other areas of the Company as 
evidenced by its program in cooperation with the Way- 
land Laboratory involving a high powered submarine- 
borne radar. 

To maintain a complete facility, the Laboratory 
now includes in its Services Department an engineering 
model shop, drafting section, and technical publica- 
tions section. These will be expanded with the growth 
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of the Laboratory in the new building. 

With respect to electronic and environmental test 
facilities, the new laboratory will be well equipped. 
Present equipment includes complete frequency gen- 
eration coverage from DC through 50 kilomegacycles, 
as well as the necessary pulse generation, spectrum 
analysis, and oscillographic equipment up to and 
including the millimicrosecond pulse range. Also 
available is the usual laboratory test gear, as well as 
sets of standards for instrument calibration. The new 
building will provide an environmental laboratory 
believed sufficient to perform shock, vibration, humid- 
ity, temperature, and interference testing on all but 
the largest equipment. Of somewhat unusual nature 
will be the infrared test range providing a 400 foot 
folded path for optical path measurement and collima- 
tion. Antenna towers for pattern measurement will 
be available. Special optical bench and spectrographic 
equipment will be provided for the infrared work. 

Equipped with these excellent facilities and with the 
many specialized skills of West Coast personnel, the 
Santa Barbara Laboratory is expected in the future to 
serve the company valuably by supplementing Ray- 
theon capabilities in present areas of development, 
while profitably expanding into newer regions. 


Three stages in the construction of Raytheon’s new 
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Having often wondered just what happened to our 
answers to those sometimes dull, sometimes imperti- 
nent questionnaires that we in the past have so 
politely filled out, we now have no intention of leaving 
anyone in doubt as to the results of ours. For six 
weeks replies first flooded, then trickled in to the 
editor. Welcomed joyfully whenever they came, they 
made very interesting reading. We shuffled, with 
fingers that after awhile developed the slightest of 
nervous twitches, through cards representing every 
conceivable range of opinion. While there was some 
interest in such matters as make-up, length of articles, 
and total number of pages per issue, discussion really 
became animated on one topic — how technical our 
articles should be. Relative to this question of tech- 
nical content with all its ramifications — i.e., survey 
articles vs detailed treatments, general-interest articles 
vs “more electronics for the electrical engineer’, 
everyone had a pet opinion. Quoting directly from 
some of the cards: 

“ Electronic Progress has filled the gap between textbook and the 
usual material in monthly electronic publications. Subject matter 
offered has helped to keep me informed in the many areas of 
electronics and company activity which do not concern the im- 
mediate job scope. As such, I have found all articles of interest.” 


“Some of the articles are technical to the extent that only trained 
engineers are capable of following the texts. Some attempt should 
be made to make the technical articles more suitable for general 
consumption.” 


“Cross-fertilization is interesting. Increasing the technical level 
might cut down understanding of everyone but specialists in the 
field concerned.” 


“Believe the technical level of articles could be raised somewhat 
although this does not mean that some articles could not be held at 
present level. How about ‘mixing them up’ a little?” 


“T have found ‘ Electronic Progress’ interesting and would like 
to see the technical level maintained and slightly raised.” 

“‘ Rather than lower the technical level of articles I should like to 
suggest that articles of all levels be included. Few of us have time 
or the inclination to wade through an impressive discourse — 
thus, the meat of the article is lost.” 


“Give us a spread in articles: some iofty, some newsy, and maybe 
one or two bits of whimsey per year. Have read every issue with 
interest.” 


“Authors of most articles in past issues have done very well in 
describing their particular. specialties to the other engineers. 
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The level of discussion is just right for the ‘uninitiated’ such as 
myself, a chemical engineer.”’ 


“There is much that any person at Raytheon can learn even 
about his own field. Possibly the best combination of articles 
would be those that describe innovations in electronics, coupled 
with articles telling of Raytheon’s use of them.” 


“Emphasis should be on electronic progress. Tutorial articles 
are justified only when they present information not otherwise 
avatlable.”’ 


“For those in highly specialized fields, your publication offers a 
very interesting ‘bird’s eye view’ of what is going on in other 
areas of electronics. For this reason, I prefer general, survey 
type articles which ‘fill me in’ on other people’s work.”’ 


““A magazine such as ‘ Electronic Progress’ can be of great value 
to Raytheon by making engineers in one department aware of 
work already done in other departments. This should be the aim 
of ‘Electronic Progress’ whenever possible.” 

“Magazine is very interesting and informative in its present 
form.” 

“T prefer articles that are descriptive rather than theoretical.”’ 


Well, after all, we had been expecting quite a differ- 
ence in opinion, simply on the basis of the varied 
group that received the questionnaires. ELECTRONIC 
Procress has a mailing list of 3200, being sent auto- 
matically to all engineers and other interested persons 
on the staff here at Raytheon. This list includes 
Electrical Engineers, Mechanical Engineers, Chemical 
Engineers, Physicists, Chemists and Mathematicians. 
A few hundred of these copies go outside the company, 
mainly to colleges and libraries. Primarily, therefore, 
the magazine is intended for a technical audience. 
Certainly this level of readership makes for an inter- 
ested, resporsive group of critics. Of the ten percent 
who answered us, half took time to offer specific 
suggestions, including numerous possibilities for 
articles. To give you an idea of the breadth and 
diversity of interests held by this group, we have a 
sampling of comments, some typical, some only 
describable as atypical. Here then are your com- 
ments, together with the answers to the three ques- 
tions, as we tabulated them. 
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“I'd like to see a good series of articles on Systems Engineering. 
Or, articles describing the ‘state of the art’ in various electronic 
components. How avout an article on ‘Modulation systems or 
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detection of signals in noise’. 


“Realizing any company must first have the technical know- 
how to design, develop and produce a product, it is also essential 
that the company make a profit on that product to exist and grow. 
I believe if the technical people had a better knowledge of contracts 
(which is the ‘tool’ by which their skill is made into their pay- 
checks and profits for its stockholders) they would be more valua- 
ble to themselves and the stockholders.” 


“Suggest a series of short articles describing briefly products 
and equipment both commercial and government, made by Ray- 
theon. I believe that many people in Raytheon like myself, do 
not fully realize many products with which the company actually 
is involved and that some of the Raytheon projects are known only 
to a few individuals directly connected therewith.” 


“1, Minimize the words that my lexicon doesn’t contain. Use 
brief concise basic language. 

2. A little humor — Freedman, last issue—is a welcome 
change of pace. 

3. Without violating security, what can we publish re basic 
concepts of modern electronic weapons systems and the amazing 
ingenuity of our men who translate theory into actuality?’’ 


“T believe that extension of the magazine’s coverage to integrate 
the engineer’s effort with his company — as by a study of sys- 
tems group organization — how a reliability program ts launched 
— who are all top men — would be welcomed and worthwhile.” 


“Go back over ten years of Raytheon employee patents, have 
your committee evaluate them in the light of present day problems 
— publish such of them as seem pertinent to up to date methods 
— don’t wait for some of them to be rediscovered by outsiders 
after their 10 year protection has passed.” 


“ Articles which will develop the ideas and considerations related 
to system engineering. Those which demonstrate the interrelation- 
ship of the disciplines. Articles by people like I. A. Getting on 
the Future of Electronics — Trends in Military Electronics.” 


“Would like to see a complete writeup of the making of a vacuum 
tube, explaining each process.” 


“New techniques within the limits of proprietary information 
would be useful. Generally, advances in the use or handling of 
newer materials would be of value, such as magnesium, titanium, 
or the non-microphonic material manganese-bronze. Plating, 
superfinishing etc. now cause problems.” 

“an occasional article on industrial engineering subjects? 
e.g. Statistical Quality Control, Methods and Work Simplifica- 
tion and an occasional paper on marketing or sales forecasting?”’ 
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“T am interested in what Raytheon is manufacturing in Radar, 
Navigation and the like with data on basic operation of same; 
enough to intelligently talk and understand it.” 


“T know that the airframe encloses a considerable amount of 
electronic and electrical gear. What this gear does and how it 
does it would be of great interest to the relatively uninitiated 
mechanical engineers, and would result in a better understanding 
of the problems of the electronic designer.”’ 


“Would like more articles on the company’s plans and policies 
for the future.” 

““T’d like to see an article on the Ionosphere Propagation Studies 
project, sometime.” 


“Support functions, specification, quality control and admin- 
istrative techniques are of ever-increasing importance to every 
engineer. His effectiveness, in fact, is often limited by his willing- 
ness to accept and live with these other activities, as much or 
nearly as much as his technical ability. ‘Electronic Progress’’ 
should encourage articles on these subjects.” 


Our appreciation is due to all of you for helping us 
in this experiment. Two main points have emerged 
from your replies. First, the magazine, as it presently 
exists, is apparently enjoyed by a great many people. 
Second, our attempts to keep the scope of the maga- 
zine as broad as possible apparently did not extend 
far enough. Articles are desired on a tremendous 
range of subjects, calling for treatments varying from 
the theoretical to the very practical. Armed with this 
information, we will try, within the limits imposed by 
our budget and by your cooperation in submitting 
articles, to be more technical . . . to be less tech- 
nical... to. . . Well, never mind. We'll just try. 
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